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FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. "MEA NUMEBER: 4.9.0.10 ORIGINATOR: JESC/MM ASTRO PROJELCT: GFE
PART NAME: WEIST STATK LRIVORU PART NUMBER: 3278800-504 OUANTITY: 1
FART NUMEER.: 32783%-504 LRLAGRU PART NAME: CTVC SYSTEM: CCTV
LSC CONTROL N{:N/A DPRAWINGREF DESICNATOR: 31278850 SUBSYSTEM:
ZONETOCATION:MNA EFFECTIVITY/AFFECT STAGE:

CRITICALITY

CRITICALITEM?:  Yes STUCCESS PATHS:
CRITICALITY CATECORY:___ 22 SUCCESS PATE HEMATINING:
EXDITEM NAME:
ENDITEM FUNCTIONAL:

END ITEM CAPAELLITY:
ENDITEM FAITLURE TOLERANCE:

REDUNDANCY SCREENS: (QRBITER/SPACE STATION)

- Pass
- Pass
- Pass

-l -

JNCTION: Degraded Video.
Worst Case: Temporary losy of video on monilor.

FAILURE MODE CODE:
FAILURE MODE: Loss of bucst ond syn¢ infermation on the video ontput.

CALSE:

AS TCVOCXO'IH

A% RBG Yideo proc
A7 NTSC encorder
A0 CCD Brive

FAILURE DETECTION:
REMAINING EATHS:
EFFECT/ MISSION PHASE:

CORRECTIVE ACTION:
Mone

FAILURE EFFECTS-
END ITEM/LRU/ORU/ASSEMBLY: Loss of camera putput,
SUBSYSTEMNEXT ASSEMEBLY/INTEERFACE: KNa video
SYSTEMEND ITEMMISSION: Lo of mission ¢ritical yvideo

AEWMNVEHICLE @ None.
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FAILURE MOQDE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

MEANUMEER: 4.9.0.0 ORIGINATOR: JSC/MM ASTRO TROJECT: GFE
PART NAME: WRIST STACK LEU/ORUIFART NUMBER.: 3278890-504 QUANTITY: 1
PART R{IMEBER: 3278800-506 LRUWORD PART NAME: CTVC SYSTEM: CCTV
IEC CONTROL NO:N/A DRAWING/EEF DESIGNATOR: 327855 SUBSYSTEM:
ZONE/LOCATION:N/A EFFECTIVITY/AFFELCT 3TALE:

HAZARD INFORMATION:
HAZARID: YES__ NO X __
HAZARD QRGANIZATION CODE:

HAZARD NUMELER:

TIME T EFFELT:

TIME TO DETECT

TIME TO CORBECT:

FAILURE DETECTION/FLIGHT

REMAREKS:
RATIONALE FOR ACCEFTAEILTTY-

1 DESICN:
vhe CTVE is comprised of 21 clectrical subassemblias; 15 snbassemblics are GE Astra Space desined and fabricated using
standard printed tireuit board cype construction. The remaining six assemblies, 3 stepper mators, 1 brushless motor,
Prism/CCD, and Leng assombly are vendor supplies campenents, which have heen specificd and purchased accordioy te GE
Specification Cuntral Drawing (SCIK) prepared by Engineering znd Product Assurance. Specifications per the SCIr are
performance, test, qualification, and acoeptance Tequirements for a procured picce of €quipmenc Parts, matcrials, processes,
and desion guidelines for the CTVC program arc specified in accordance with GE 3267752, This document defines the
proyTam requircmenls

MI-STD-¥75G will serve as the primacy EEE parts scleerion document. Ef a suilable part cannot be found in MIL-$TD-
975G, eyuivalent EEE paris that mect the following criteriz may be substituled.

Microcirouil s are at least Class B Level, MIL-M28510 devieen Al microcircaits are subjected 10 Particle Tmpact Noise
Detection (PLND) testing per MIL-STD-883cClexcept for devices with plastic epuxy-iype package].

Dindes and transistars are &t least JANTIV in sccordanee with MIL-5-19500, Al semi-conductors in cavity-type packages
are subjected to PIND testing per MTL-STD-853C. Relays are procured tn the highest military established relishility (MEL-
ERY level a3 defined in MIL-R-3%016. Relars are subject to FIND testing.

Switches are procured Lo at lease the second highese level of the appropriate MIL-ER specification. Switches are subjected 1o
cither PIND testing or X-ray analvsiz as appropriate, far particie detectign.

Other discrete parts wre procured 1o at least the second highest lesel of the approprinte MIL-ER spucification.
Paris not included in she above ducuments have heen used in the design only after a non-standard parts acceptance request

"SFAR) has been prepared, submitted to Reliabilliy Assurance. Enginecring and approved for use in the speeilic
plicatinals) defingd in the NSPAR By NASA-JEC,
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FAIJLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“MEA NUMBER: 1.0.0.0 ORIGINATOR: JSC/MM ASTRO FROJECT; GFE
PART NAME: WRIST STACK LEU/ORL PART NUMEER: F2788M-3046 DUANTITY: 1
FART NUMEBER: 3278858-30( LRU/ORITPART NAME: CTVC SYSTEM: CCTV
L5C CONTROL NO:N/A DREAWING/REF DESIGHN A TORIITESYY SUBSYSTEWD:
ZONE/LOCATION :N/A EEFECTIVITY/AFFECT 5TAGE:

Worst case ¢ircult analyses have been performed and documented lor all circuit desigas to demonstrate ihat sufTicient
ppierating margins exist far all operating conditions. The analytis was worst case in 1hat the value far each of the variable
PrAmeters was $6t 1o Limits that will drive the nutput 1o a maximum (gr min}. A component approach review and analysis
n a5 conducted to verify that the applied stress on each piece part by the temperature extremes identificd with enviconmenial
qualification testing dovs nol excced the stress derating valves identified in GE JI0TTIY

1n addition, ap vbjective examination of the design w as performed through a Preliminary Design Review and Critical Design
Review 19 verify that the CTVC met speeification and contractual requirements.

BARE BOARD DESICN

All boards are canstructed from laminated copper-clad epoxy glass sheets per MIL-P-13543 Type G Grade A. Circon
connections aze made through printed traces which run from point to paint on the board surfages. Every trace terminates at
an annular ring. The annulae Ting swrrounds the bole in which a component lead vr ferminal is loeated. This ring provides 4
footing for the solder, ensuring pond mechanical and cloctrical performance. Tir size and shape are gaverned by MIL-P-
S5640 as are trace widths, spacing and rowting, These requirements are reiterated specifically in deawing notes to Further
assur¢ compliance Yariation between the artwork imaster and the final product (due to srregularities of the etehing prodess)
are also controlied by drawing notes. This prevents making defective boards from gond srtworke Boles whick house no lead
or terminal, but serve only to electrically interconmect the different boaed layers, contaia stitch bars for mechanical support

-and increascd relisbility,

J1e throuzh holes are drilled Mrom a drill tape thus eliminating the possibility of human error and allowing tizht control over
hole znd annular ring concentricity, an important rcliability criterion, Afrer drilling and etching, all copper cludding is tin-
iead plated por MIL-STD-1495 This provides Ter casy and reliable soidering at the time of boacd assembly, even afier
periods of pralonood storape.

BOARD ASSEMEBLY DESIGN

AllL components are installed in 2 manner which assures maximum reliability. Compancat leads are pre-tlnned, allowing
total wettine ofkolder joints. All leads are formed to provide stress relicf and the badies of large components are staked.
Special mounting and handing insiructions are included in cach drawing required after final assembly, The board is coated
with urethane which protects against humidity and centamination.

(B} TEET: ACCEPTAMCE
Each agsembly is individually tested to 2 NABA approved Acceptance Test Procedure TE-AT-1I78RM. The Acceptance Test
Fliw is detailed in Table 1.

QUATTFICATION TEST

The qualification unit is identical o the Aight unit configuration i every respect and is used seledy for the purpose of
qualification testing. The Qual unit must successfully complete accejtance testing prior in entering qualification testing, The
Qual unit has passed lesting In accordance wich NASA approved test plan PN-C-32788%0. The Qualificetion Test Flow is
detriled in Table 2,

OPERATIONAL TESTS

In order to verify that COTY components are operational, a test mast verify the health of ali the command retated

componcnts from the PHS (ATA1) pane] switeh, throuph the RCU, throngh the syne lincs to the CameraPTL, to the

CameraPTU cammend decoder. The test must also verify the camera’s ability to prodoce vides, the ¥EU*s ability to rouic
1e0, and the monitee™s abitity to display vides A similar test would be performed to verify the MM command path.

Pre-Lavnch an Orbiter TesdIn-Flisht Tost
1. Fower CCTY system
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

“"MEANUMBER: 4.8.0.0 ORIGINATOR: JSCMM ASTRO FROJECT: GFE
PART NAME: WRIST STACK THRIVORL PART NURBER: 3278200-506 QUANTITY: 1
PART NUMBER: 3278800-504 LRIVORL PART NAME: CTVC SYSTEM: CCTV
LsC CONTROL RO:R/A DPRAWINGREF DESIGNATOR:32TRASD SUBSYSTEM;
ZONE/LQCATION: XA EFFECTIVITY/AFFECT STAGE:

1. Via the PHS panel, sclect a munitor
3. Send *Camera Power Qo™ command from the
the PES pancl.
4. Sefeet *External Svnc™ on monigr.
5. Observe vides digplaved on manitor.
Mute that if videe on moniter is syachranized (Le,, stakle raster)
then this Indicatey that the vamera is
receiving composile syne from the RCL and
that the camira is producing syachronized »ldeo.
&. Svnd Pan, Tilt, Focus, Zoom, ALC, and Gamma
commands and visually {cither via the
monitar ur direct observation} verify ppecation.
7. Schect downlink asx destinatinn and
camera unidor test 2% Source.
8. Observe video routed fo domnnlink.
4, Send “Camera Power O™ command via PYS panel.
10. Bepeat Steps 3 through 9 except issue
rommands via the MDM command path.

T INSPECTION:

mearement Control - The CTVC EEE Parte and hardware ifcms are procured from approved vendors aod supplicrs,
whith racet the requirements sct forth in the CTYC cantract Resident DFRO persnnncl ceview al procurement documents .
o ¢stablish the need for GST on selocted parts (FATS17)

Incoming Inspectinn and Storage - Incoming Quality inspretions are madc en all reccived materials and party Results are
recorded by lot and retained in Nle by drawing and control numbers for futwre reference and iraccability. All EEE parts are
abjected 10 incoming acceptance sests as called for in FAI 315 - Incoming Inspection Test Instructions. Incoming flight paris
are further processed in accordance with GE 1846644 - Preconditioning and Aceeptance Requirements for Electranic Farts,
with the exception that DPA and PIND testing 1s not performed. Mechanical itenis 2re ingpected por FATL 316 - Incoming
Inspection Instructions for Mechanical items, PAL30S - Incoming Caality Contrel Inspection Instruction, and PAT 612 -
Procedure for Erocessing incoming or Purchased Pars Designated for Flight Tse. Aceepied items are delivered 1o Maierial
Coutrelled Stores and retained under specificd conditions until fabrication is required. N on~conforming matcrials are beld

for Material Review Board {MRB) disposition. (PAT-307, PAI IOHC-531

Basrg Asscmbly & Test - Prior ta the start of TVC bourd assemb!y, all items are verified (o be correct by stack room
persannel , as the items are accumulated to forr a kit. The {tems are verificd again by the operator who Rssembles the kit by
checking against the as-buili-parts-list (ABPL). DPRO Mandatory Inspection Points are designed for all printed cireuit, wire
wrap and welded wire hoards, plus harness conneelors for seldering wiring, efimping, selder splices and quality
workmanship prior to coating of the component side of boards and sleeving of hatnosses.

CTVC Boards

Specific CTVC board assembly and test instrucligny are providid in deawing notes. and applicable docoments are called put

in the Fubrication Procedure and Record (FPR-3279%00) and parts lisgt PL3278800. These include Frocess Standard RTV-

s6é 2280831, Process Standard - Bonding Veloro Tape2 280889, Speeification Saldering 2280749 - Specification Crimping

4280800, Specification - Ronding and Staking 2220878, Specification - Marking 2280874, Specificarion - Workmanship
30035 Sperification Bonding and Staking J2R0875, specification-Wave Salder 2280821, Specification-Frinted Wire Board

_tuking 2280851, Specification-Kellow Suldering 2280734, Speciftcation-Saldering Survace Mount Componcnts 20005710,

CTVC Assembly and Tosi
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. “MEA NIMBER: 4.9.0.0 QRIGINATOR: JSC/MM ASTRO PROJECT: GFE
PART NAME: WRIST STACK LRLVORT PART NUMEER: 3178800-506 QUANTITY: I
PART NUMBER: 327B80{-505 LRIVORL PART NAME: CT¥C SYSTEM: CCTV
LEC CONTROL N(O: N/A DRAWING/BEF DESIGNATOR: 3275340 SUBSYSTEM:
- ZONE/LQTCATION:N/A EFFECTIVITY/AFFECT BTAE:

An open box test is proformed pee TP-TT-3278890 and an Acceptance Test por TP-AT-3174800, including vibration and
thermal vacuum. Torgue's are specificd and witnessed, traceability numbers are recorded and calibrated tocls are checked
priae touse. GE Quality and TPRG inspections sre performed & the completion of specified FPR operations in accordance
with PAL-204, PAL-208, and PAK-217. DPRO persannel witness CTYC bution-up and critical torquing.

The CTVC is packaged accerding to CCTV Letter 8011 and 2280744, Process Standard for Packaging and Handling
uidelines. All relatad documentation including assemhly drawings, Parts List, AEPL, Test Data,eic., is gathered and held in
2 decumentation folder assigned specifically to each assembly. This folder is retained for refercnce. An ELDP is prepared for
cach agsembly in gecordance with the requirements of W5-2323176. GE QC and DPRO personnel witness craling,
packaging, packing, and marking, ang revicw the EIDP lor completencss and accuracy,

TABLE 1. ACCEFTANCE TEST FLOW

1. ROOM AMEBIENT PERFORMAMNCE TEST
Test conducted per the requirements of NASA
approved TP-AT-32788M),

2. ACCERTANCE VIBRATION EXPOSURE
20-80 Ba: 3 dbjoctave rize {rom 0.01 p2/Hz to 0.04 g2/Hx
%0-330 Hz:0.04 pl/Hz
. 350-2000 Hz: 3 JB octave decressed to 8,604 g2/Hz
Test Duration: 1 minutefaxis, operating
Test Level; 6.1 grms

3. POST-VIBRATION FUNCTIONAL CHECK
Test conductedd per the requirements of NASA
approved TPF-AT-327880).

1. ACCEFTANCE THERMAL-VACTTM EXFOSTIRE
L5 cyeles eonal froe +115 deg F oo +14 deg F
After siabilization, coe hour minimum duration
at each platcau. In-spuec funclional tests performed at
cach platean,

rh

L POST-EMVIRONMENTAL PERFORMANCE TEST
Room ambient pecformance tests canducted in
accordance with NASA approved TP-AT=-3178890,

TABLE 2. QULALIFICATION TEST FLOW

1. EMI
Conduct (8518 Tun in acgerdance with the reguirements of
SL-E-0MM2R, including €501, CR02, CR06, TTOL, CECX], and CEDIL
Radizted tests run in  decordance with SL-EDIUZE including RS0Z, RSO3,
and REO? excopt that the tost current for BS02 wag 2 ampy in Yiew of 20 amps,

- DUAL FOR ACCEPTANCE VIBRATION
. 20-30 1z Jdhfoctane ing reaging to L0467 §2/He
Bit=330 He: .00  wetave
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FATLURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

NEANUMBER: 4.9.0.0 ORIGINATOR: JSCMAN A3TRO PROJECT: GFE
PART KAME: WEIST STACK. LEU/ORLU PART NUMGER: 3175800-5006 QUANTITY: 1
FART NUMBER: 3278890-300 LEUORD TART NAME: CTVC SYSTEM; CCTV
T5C CONTROL NOUN/A DRAVWING/REF DESIGNATOR: 3278340 SUBSYSTEM:
ZORELOCATION:N/A EFFECTIVITY/ATFECT RTAGE:

320-2000 Hx: 3dbjoctave decrease
Test Level: 7.8 grms
Test Duration: 5 minnies/axis aperating

3. FLIGHT QUALIFICATION VIBRATION
20-70 Hz: 3 dBfoctave increasing to .4 g2/He
TO-500 Fz: 0.4 p2/Hz
S00-2000 He: Gdlvociare decrease
Tesi Level: 18.] grms
Test doration 18 minolcs/axis nen-operating

4. THERMAL-¥ACTTM
7.5 gxcles totad from +130 deg F to +9 deg .
Afier stabilization, ane hour minimum Joration ar cach platean.
Tn-spet functional tests performed at each plateau.

5. THBERMAL STMUTATION

Warst case hol and cold misiion envirsnments
girnulated In vacuum. During hot case, in-spee
operation is required for & of 14 consecative howrs,
Puring cold casc, in-spec operation is required for
14 conseculive hours

i, FUMTDITY
20 hours exposure t9 $53% R inclading foor 24
hour temperature cveles of Hild deg F o +125 deg
F, non-opcrating.

(0} FALURE HISTORY:
Hone,

(El' OPERATIONAL LSE;
Loss of video, Fossible wss of major mission ohjcctives due to loss of
EMS camgras or other requited cameras,

(F) MAINTAINARULITY:

PREFARED BY: Bernic Embrey REVISION:

PATE: February 17, 1995 WAINWER NTMEEER
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